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EUROPEAN CARS 


PART II — Engines (continued) 


HE November 1958 issue of this publication 

briefly discussed some of the major design 

features of European Cars. While some discus- 
sion of the lubrication requirements of their engines 
was included, space did not permit a complete re- 
view of this subject 


ENGINE LUBRICATION 

It has been the practice of several European man 
ufacturers to recommend a few specific lubricants as 
being satisfactory in a particular engine. This prac 
tice is not universal and is not followed by some of 
the major companies such as Mercedes-Benz, Volks 
wagen, Porsche and Fiat. These, among others, do 
not recommend specific lubricant brands but do 
indicate acceptable types such as ‘Heavy Duty’ or 
"1OW-30 Heavy Duty.” A possible reason why this 
is not a universal practice in Europe is that European 
manufacturers are not yet acquainted with the 
standards of quality which are now available 

There are at least three major considerations in 
selecting a suitable crankcase oil. The first is its 
viscosity, the second is its oxidation stability and 
the third is its detergency qualities. 

The SAE Crankcase Oil Viscosity Classifications 
system shown in Table I is now universally accepted 
both in the United States and in the European area 
as a means of designating viscosity. It has eliminated 
such ambiguous terms as “‘light’’, ‘medium’, and 
“heavy” previously used in an attempt to designate 


It should be remembered that 
while viscosity is an important property, it does not 


the viscosity of an oil 


define any other property such as detergency 

A discussion of oil “quality” should be preceded 
by a brief resumé of the changes in engine operating 
conditions and the great improvements which have 
been made in engine oils within the past two 
decades. With the advent of improved metallurgy 
and designs, higher speeds and greater engine out 
puts were developed. This in turn placed a greater 
emphasis on oil quality since the oil was required to 
run hotter and to support greater loads at the points 
of high stress. Higher oil temperatures required oils 
with greater oxidation stability to avoid excessive 
thickening. This was accomplished through the us¢ 
of oxidation inhibitors. Higher loads at the points 
of high stress in the valve system required that addi 
tives be used to control the wear at these points 

In addition to this, the car itself was being used 
more for personal transportation. This naturally 
included a greater precentage of stop-and-go driving 
wherein engine temperatures remained low. With 
low engine temperatures, oil oxidation is negligibk 
but unburned products of combustion such as fuel 
soot and the heavy portions of the fuel enter th 
crankcase and promote low temperature sludge, cor 
rosion, and fuel varnish. Oil additives of the dis 
persant-detergent type were also used to overcom 
these operational problems 
Heavy Duty 


Originally oils were not necessary 
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TABLE I 
SAE Motor Oil Grade Classification System 


SAI 


: Viscosity, Saybolt Universal Seconds 
Viscosity 


Grade at 0°F at 210°F 


Number Minimum Maximun 
SW 
10OW 


Minimum Maximum 
4,000 39 


12,000 
12,000 10 


6,000 


20W 12,000 48,000 


18.000 
20 
40 
10 


SO 





in automotive however, as the conditions 
of operation became more severe, high temperature 
oxidation became the major problem. The first 

Heavy Duty’’ oils were primarily high temperature 
lubricants which contained oxidation inhibitors and 
detergent-dispersant additives to minimize deposits 
from other causes. However, as the automobile 
became more popular, the major operational prob 

m changed trom high temperature oxidation to 
the deposits and engine corrosion associated with 
low temperature operation. This has naturally led to 
considerable confusion as to what now constitutes a 

Heavy Duty” motor oil. In the API Engine Serv 
ice Classification discussed below, “HD” oils are 
those recommended for at least Service MS 


engines 


Recognizing that confusion existed in the classi 
fication of oil quality and in the relating of this 
classification to service requirements, the American 
Petroleum Institute established a system of service 
definitions. This system is known as the API Engine 
Service Classification System and covers the various 
service conditions which are encountered by both 
gasoline and diesel engines. However, this system is 
not generally known or used in Europe and perhaps 
accounts for the continued practice by some Euro- 
pean manufacturers of specifying only certain named 
brands of lubricants for use in their cars. The API 
system is followed in the United States since it gives 
the motorist a quality yardstick by which oil per 
formance can be assured. In addition, since lubricant 


brands are not required nor even mentioned by 


domestic manufacturers, the motorist feels free to 
purchase any reputable oil that has the API Service 
classification appropriate to the engine operating 
conditions he imposes. The API system is discussed 
below and covers both gasoline and diesel engines 
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By reason of their heavier fuel and operating cycle, 
diesel engines tend to promote more rapid oil con- 
tamination and oxidation which in turn requires a 
more highly detergent oil. Diesel engine lubricants 
are usually very satisfactory in gasoline engines 
since they give even greater protection against oxi- 
dation, corrosion and wear than is available in lubri 
cants designed solely for gasoline engines. 

The six API Engine Service Classifications in the 
order of increasing severity are as follows: 


Service ML 

This classification defines the least severe service 
classification for gasoline engines. It includes condi- 
tions where moderate speed driving or moderate 
load operation is encountered and where no severe 
low or high temperature condition exists. 


Service MM 

This classification detines the moderate to severe 
service conditions for gasoline engines. It includes 
engines operating under relatively high speeds or 
heavy loads. It does vot include extensive operation 
under low engine temperatures caused by start-and 
stop operation or prolonged idling 


Service MS 

This classification represents the most severe sery 
ice encountered in the operation of a gasoline en 
gine. It includes both start-and-stop conditions as 
well as high speed and high temperature operation 
Start-and-stop operation, while widely regarded as a 
relatively mild type of service, is in reality the most 
severe service condition to which an internal combus 
tion engine can be subjected. In this type of service 
the engine and oil temperatures are low, which not 
only increases the gvantity of partly burned combus 
tion products but allows them to reach the crankcase 
where they promote low temperature deposits, 
clogged filters and oil screens, corrosion, and piston 
deposits. This condition is aggravated in winter 
time and by prolonged idling. High temperature 
operation is also included in the MS service classi 
fication since high powers, high loads, and high 
speeds promote oil oxidation and may cause high 
temperature sludge and varnish deposits. Prolonged 
operation in hot weather tends to aggravate this 
condition. During either high or low temperaturc 
operation, wear may occur at points of high stress 

Table II, entitled Car Manufacturer's Motor Oil 
Recommendations, lists the available information 
for 1957 and 1958 cars. In those instances where 
Table II indicates the now obsolete ‘‘HD” oil, an 
oil recommended for at least API Service MS should 


be used. 
Service DG 


This service classification describes conditions of 
operation wherein the diesel engine is not subject to 
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any severe requirements and where wear and de 
posit control are not problems. 


Service DM 

This designation describes service typical of diesel 
engines operating under moderately severe condi- 
tions which would tend to promote deposits and 
wear. This service designation is more severe than 
that described in DG and requires an oil with a 
greater ability to control wear and reduce deposits 
Oils meeting the DG and DM classifications give 
outstanding results in gasoline engines. 


Service DS 

This classification describes service typical of 
diesel engines operating under very severe condi- 
tions or having design characteristics or using fuels 
which tend to produce excessive wear or deposits 
High load operation at high temperatures, design 
factors, especially supercharging or engine installa- 
tion details which cause unusually high tempera- 
tures within the engine, constitute severe service, as 
does intermittent operation at low temperatures, 
since both promote wear and deposit formation 
Oils meeting Service DS are not usually available 
at service stations. 

Most all reputable oil suppliers within the United 
States specify the API Service condition for which 
their motor oils are recommended. For example, an 
oil suitable for moderate service conditions in a 
gasoline engine would be labelled “For Service 
MM”. An oil suitable for several service conditions 
might be labelled ‘For Service ML, MM, MS, and 
DG”. 

No American automobile manufacturer specifies 
particular brand names of engine oils for use, but 
instead recommends lubricants meeting certain of 
the API Service Classifications. While this system 
has not been adopted yet by European manufac 
turers, more and more of them are abandoning the 
position of recommending a specific brand of lubri- 
cant and are now recommending oil types such as 
“Heavy Duty” or 10OW-30 Heavy Duty 


OIL DRAIN INTERVALS 


The subject of oil drain intervals is extremely 
complicated. This arises from the fact that each 
manufacturer uses a different engine design. Thus 
a given engine of manufacturer ‘A’ may require 
oil changes at 1000 miles where the engine of man 
ufacturer “B’’ may be able to run 1500 miles under 
the same conditions before a change is necessitated 
For this reason, no attempt will be made to discuss 
the drain intervals of specific vehicles but the fol- 
lowing discussion of the API Motor Oil Drain 
Intervals will indicate the factors involved 


City and Suburban Driving 
City and suburban driving represents the ordinary 


use of the family car or light truck mainly on short 
run, start-and-stop service on paved roads under 
moderate air temperatures. It also includes some 
long distance travel at normal speeds. In such serv 
ices, crankcases of average capacity should be drained 
approximately every 1000 miles. It has been deter- 
mined that at least two-thirds of passenger car driv- 
ing is under these conditions. 


Cold Weather or Start-and-Stop Driving 

Vehicle operation in freezing or subfreezing 
weather, especially in start-and-stop driving with 
much engine idling, is the most severe or adverse 
service. The hours that the engine operates or idles 
rather than the miles that the car is driven is the 
important factor affecting oil contamination and 
condition. Crankcase should be drained after not 
over 60 days or 500 miles of travel whichever occurs 
first. In extreme cases, more frequent draining may 
be necessary. Consistent driving over dusty roads is 
another adverse condition which necessitates an oil 
drain at 500 miles or more often, depending upon 
the severity of the dust conditions. For example, if 
a vehicle is driven through a dust storm, oil should 
be drained as soon as possible. Air cleaners should 
be serviced when the oil is changed. 


Open Highway Driving 

The most favorable driving condition is essen 
tially open highway, intercity travel on paved, dust 
free roads with little or no engine idling. In such 
service, the engine operates at efficient temperatures 
with efficient fuel combustion. Using high quality 
oils, there is little oil oxidation or accumulation of 
fuel residues to make deposits. Design details, such 
as large crankcase capacities, are also favorable fac 
tors. Under such conditions crankcase oil may be 
drained at a somewhat longer mileage than that 
recommended for city and suburban driving, but 
not to exceed 2000 miles 

In Table II is a list of 1957 and 1958 European 
Cars, together with their crankcase refill capacities 
stated in U.S. quarts. While the viscosity grade 
recommended by the manufacturer for operation 
under various ambient temperature conditions is 
shown, recommended oil drain periods are omitted 
since some manufacturers do not specify a drain 
interval while others indicate periods ranging from 
1000 to 3000 miles under favorable service condi 
tions. All recommend more frequent draining as 
the operating service becomes more severe 


CLUTCHES 
Manual Clutches 
While the internal combustion engine has reached 
a high degree of efficiency and sophistication, it is 
not sufficiently flexible to permit the direct drive ot 


the vehicle under all speed conditions. For this rea 
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The operation of manual clutches is done by con 
necting a foot pedal to the clutch release bearing 
Traditionally this has been accomplished by the use 
of suitable mechanical linkages so as to obtain the 
desired motion at the clutch. Since 1953, hydrauli 
operation of the clutch has become increasingly pop 
ular. Jaguar, Triumph and others use this method 
wherein the foot pedal operates a hydraulic piston 
and is not directly connected to the clutch mech 
anism. The hydraulic pressure produced is then 
transmitted through a tube to a slave piston near the 
clutch. The slave piston moves when the clutch pedal 


} 
is depressed and releases the clutch. The advantages 























of this system are that complicated linka 


tion, and linkaze wear are all eliminated 





Automatic Clutches 
With the increasing use 


uropean area, increase i 





the automatic 
take the manual 


The Mercedes 


Figure 1 — Alfa Romeo Single Disc Clutch Ferl 
- er . 4 enau -erle 
}—Engine Crankshaft, 2—Engine Flywheel, 3—Clutch disc le eriec 


4—Pressure plate, 5—Clutch release bearing, 6—Transmission limerent approacne 
nput shaft 


Vdrak 
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as the ‘“Hydrak” except that the fluid flywheel is 
omitted through the use of a more sophisticated 
electrical interlock system. The “Saxomat’’ system, 
available on the Ford Taunus and DKW 3-6 and 
1000, is similar in operation. 

A similar shifting procedure is followed in the 
Renault Dauphine equipped with a “'Ferlec” clutch 
The major difference is that although it does use a 
conventional clutch disc, an electromagnet in the 
flywheel operates the pressure plate which engages 
the disc and thereby transmits engine torque. This 
design is shown in Figure 3. 

The Renault ‘“Transfluide” combines some of the 
components of both of these systems and uses a 
magnetically operated clutch similar to the ‘Ferlec’’, 
together with a three element torque converter to 
obtain automatic clutch operation. In this design 
engine oil is used in the torque converter. 

The Smiths ‘Selectroshift’” magnetic particle 
clutch is another approach to the problem of obtain 
ing an automatic clutch. It consists of two rotating 
members, one coupled to the engine and the other 
to the transmission. No direct connection is made 


between these two members but torque is trans 


} 


futon l , eer, | England 


Figure 3 — Renault ‘‘Ferlec’’ Electrically Operated Automatic 
Clutch 

2—Armature, 3—Clutch disc, 4—Pressure 
plate, 5—Contacts, 6—Transmission input shaft, 7—Engine out 


put shaft. 


1—Magnetic coil, 


Figure 4 — The Smiths ‘‘Selectroshift'’ Magnetic Particle Clutch 
A—Magnetic flux path, B—Magnetic coil, C—Gap, D—Engine 
F—Contact brushes, G—Clutch hub, 
H—Clutch hub support bearing, J—Contact rings, K—Magnetic 
field pieces 


flywheel, E—Armature, 


mitted through the small gap between them by 
means of magnetic particles. When the particles are 
magnetized by an external magnetic field, they tend 
to ‘solidify’ and thus form a solid connection be- 
tween engine and transmission. Any degree of slip 
can be obtained by adjustment of the magnetic field 
This design is shown in Figure 4 

Newton 


centrifugal and 


Another automatic clutch system is the 


drive’ which uses a combination of a 


power assisted clutch engagement to effect auto 


matic operation. This system is used in the English 


Ford and in modified form in the Standard Ten 


It will be noted that those automatic clutch sys- 
tems which permit some slip either through the use 


of a fluid coupling or a torque converter are gener- 


ally not used on the smallest European cars where 


a prime consideration 


These cars use only manually operated clutches or 
which does not permit slip 


maximum fuel economy 1s 
an automatic system 
when fully engaged. Examples of this type would 
be the ‘‘Ferlec”’ clutch in the Renault Dauphine and 
the ‘‘Newtondrive is available on the small 
English Fords and Standards 


whi h 
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Courtesy of S.A. Alfa Rome Milan Italy 


Figure 1 — Alfa Romeo Single Disc Clutch 
1—Engine Crankshaft, 2—Engine Flywheel, 3—Clutch disc, 
4—Pressure plate, 5—Clutch release bearing, 6—Transmission 
input shaft 


son some type of speed changing gear is necessary 
In order to change speeds the engine must be dis 
connected from the drive line for a short instant to 


allow a different gear to be brought into ech Ini- 


tially this was done through the use of belts and 
pulleys. Modern design uses a clutch which is located 
between the engine and transmission or in the case 
of an automatic transmission, within the transmis 
sion itself. 

In its simplest form a clutch consists of a disc of 
friction material which is coupled to the transmis 
sion input shaft and can be held against the engine 
flywheel face by a ‘'pressure plate”. When the clutch 
pedal is depressed, the “pressure plate’ is drawn 
away from the flywheel releasing the clutch dis« 
which is then free to rotate independently of the 
engine. This then permits the gears to be shifted 
with a minimum of effort. 

All cars use a clutch of some type. The most con 
mon is a simple plate clutch rotating within a hous 
ing where air can be used as a coolant. A typical 
example of this design is found in the Alfa Romeo 
Giulietta clutch shown in Figure 1. Racing cars 
such as the Jaguar D type, Ferrari and Maserati, 
often use clutches containing more than one disc in 
order to transmit the higher engine torques devel- 
oped. Air cooling is used in these designs. Multiple 
disc clutches are also used in some of the economy 
cars such as the Goggomobil and Berkeley. How- 
ever, in these instances they are ‘‘wet’’ clutches since 
oil is used as a coolant. 
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The operation of manual clutches is done by con- 
necting a foot pedal to the clutch release bearing. 
Traditionally this has been accomplished by the use 
of suitable mechanical linkages so as to obtain the 
desired motion at the clutch. Since 1953, hydraulic 
operation of the clutch has become increasingly pop- 
ular. Jaguar, Triumph and others use this method 
wherein the foot pedal operates a hydraulic piston 
and is not directly connected to the clutch mech- 
anism. The hydraulic pressure produced is then 
transmitted through a tube to a slave piston near the 
clutch. The slave piston moves when the clutch pedal 
is depressed and releases the clutch. The advantages 
of this system are that complicated linkages, vibra- 
tion, and linkage wear are all eliminated 


Automatic Clutches 

With the increasing use of the automobile in the 
European area, increased emphasis has been placed 
on the automatic or semi-automatic type of driving 
To take the manual effort out of gear changing, sev 
eral automatic clutch designs have recently become 
available. The Mercedes-Benz '‘Hydrak 
Renault ‘‘Ferlec’’ clutch are representative of two 
different approaches to the problem. The Mercedes- 
Benz ‘“‘Hydrak” utilizes a series of electric interlocks 
to apply engine manifold vacuum to a clutch operat 
ing piston. As the gear lever is grasped, preparatory 
to shifting, the clutch is automatically disengaged 
and then reapplied at the completion of the manual 
shifting cycle. A fluid coupling is also incorporated 
to insure a smooth engagement. No clutch pedal 1s 


) 


and the 


used in this design which is shown in Figure 
The 'Manumatic’’ automatic clutch, as available 
on the Hillman Minx, uses the same general system 


Courtesy of Daimler-Benz A. G., Stuttgart, German 


Figure 2 — Mercedes-Benz ‘Hydrak"’ automatic clutch showing 
engine flywheel, fluid coupling, and conventional disc clutch. 
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as the ‘‘Hydrak” except that the fluid flywheel is 
omitted through the use of a more sophisticated 
electrical interlock system. The ‘‘Saxomat’’ system, 
available on the Ford Taunus and DKW 3-6 and 
1000, is similar in operation. 

A similar shifting procedure is followed in the 
Renault Dauphine equipped with a “'Ferlec”’ clutch 
The major difference is that although it does use a 
conventional clutch disc, an electromagnet in the 
flywheel operates the pressure plate which engages 
the disc and thereby transmits engine torque. This 
design is shown in Figure 3. 

The Renault ‘“Transfluide” combines some of the 
components of both of these systems and uses a 
magnetically operated clutch similar to the ‘Ferlec’’, 
together with a three element torque converter to 
obtain automatic clutch operation. In this design 
engine oil is used in the torque converter. 

The Smiths “Selectroshift” magnetic particle 
clutch is another approach to the problem of obtain- 
ing an automatic clutch. It consists of two rotating 
members, one coupled to the engine and the other 
to the transmission. No direct connection is made 


between these two members but torque is trans 


futon ineer, London, England 


Figure 3 — Renault ‘‘Ferlec’’ Electrically Operated Automatic 


Clutch 
2—Armature, 3—Clutch disc, 4—Pressure 
plate, 5—Contacts, 6—Transmission input shaft, 7—Engine out 


put shaft. 


1—Magnetic coil, 


ATION 


Figure 4 — The Smiths ‘‘Selectroshift'’ Magnetic Particle Clutch 
A—Magnetic flux path, B—Magnetic coil, C—Gap, D—Engine 
E—Armature, F—Contact brushes, G—Clutch hub, 
H—Clutch hub support bearing, J—Contact rings, K—Magnetic 


field pieces 


flywheel, 


through the small gap between them by 


mitted 
means of magnetic particles. Wher the particles are 
magnetized by an external magnetic field, they tend 
and thus form a solid connection be- 


to ‘solidify’ 


tween engine and transmission. Any degree of slip 


can be obtained by adjustment of the magnetic field 


This design is shown in Figure 4 


“Newton 
centrifugal and 


Another automatic clutch system is the 


} 


drive’ which uses a combination of a 


power assisted clutch engagement to effect auto- 


matic operation. This system is used in the English 
Ford 


It will be noted that those automatic clutch sys- 


ind in modified form in the Standard Ten 


tems which permit some slip either through the use 


| 


of a fluid coupling or a torque converter are gener- 


ally not used on the smallest European cars where 
maximum fuel economy is a prime consideration 
These cars use only manually operated clutches or 
an automatic system which does not permit slip 
Examples of this type would 
be the ‘‘Ferlec’’ clutch in the Renault Dauphine and 


the ‘“Newtondriv 


English Fords and 


when fully engaged 


which is available on the small 
Standards 
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Court f Akt laget Volvo, Gothenburg, Su 


Figure 5 — Volvo PV-444 Four Speed Transmission Showing 
Synchronizers Fitted to All Forward Speeds. 
Attaches to the Clutch at the Left. 


Transmission 


Clutch Lubrication 

Normally the manually operated clutch mechan 
ism need not be lubricated. The clutch throw-out 
bearing is usually lubricated with a suitable grease 
and sealed for life. In those designs where a graphite 
on steel throw-out bearing is used, no lubrication is 
required. If mechanical linkages are employed, their 
connections are usually lubricated with the recom 
mended chassis grease or, if no grease fittings are 
available, by the hand application of engine or gear 
oil, Hydraulically operated clutches usually use hy- 
draulic brake fluid as the hydraulic medium. Care 
should be taken to use the recommended quality 
since poor quality fluids may vaporize due to the 


proximity of the engine exhaust system. 
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Automatic clutches generally need no greater care 
than their manually operated counterparts. Those 
systems wherein fluid flywheels or torque converters 


are used do, in some cases, require special lubricants. 
Those such as the ““Transfluide’’ are fed with engine 
oil and therefore do not need special fluids. How- 
ever, fluid clutches such as are used in the Mercedes- 
Benz ‘‘Hydrak”’, which are separately filled, require 
an Automatic Transmission Fluid (ATF). This 
fluid will be discussed further in the section on 
Transmissions. 


TRANSMISSIONS 

European Car transmissions cover a wide range 
of designs. The large cars can and do utilize semi 
or fully automatic transmissions since fuel economy, 
service, and replacement costs are of little concern 
to the owner. Cars appealing to the middle bracket 
buyer usually have manual transmissions but may 
have certain 
available. Economy cars do not have these features 
and are strictly utilitarian. 


semi-automatic features optionally 


Manual Transmissions 

Since most European Cars are equipped with 
manual transmissions, an examination of some of 
their features is in order. As discussed earlier, the 
transmission is necessary so as to permit the car to 
be operated over a wide speed range by an engine 
whose usable speed range 1s limited. The difference 
between these two factors determines how many 
speeds a given transmission must have when in 
stalled in a given car. 

A great majority of European Cars use a four 
speed transmission. Some manufacturers 
Vauxhall, British and German Ford, Renault 


such as 


Figure 6 — Fiat 600 Four Speed Transmission Showing Synchronizers Fitted to the Top Three Speeds and General Arrangement 
of Spiral Bevel Gear Differential, Single Disc Clutch and Starter. 
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Constant Load 
Synchronizer 
1—Dog clutch teeth on gear. 2—Dog clutch, driven by main 


shaft, and fitted with internal teeth which engage dog clutch 


Figure 7 — Schematic View of Type of 


teeth on gear, 3—Constant load piston, 4—Constant load: 


spring, 5—Synchronizer cone clutch which is forced into en 
gagement with cone clutch on gear to effect synchronization 
6—Shifting fork connected to gear shift lever 

. 


j 


Simca, and Standard use three speed transmissions 


A few such as Ferrari and Maserati use five speed 
Regardless of the number of speeds 
used, all of these designs fall into two general cate 


transmissions 
gories. In one type, the power is transmitted straight 
through from front to back. In the other type, the 
power is taken out the same end that it goes in. An 
example of the first type is found in the 1959 Volvo 
PV-444 transmission shown in Figure 5. The second 
type of transmission is found in those cars using a 
and differential unit 
Typical examples of this type are found in the 
Renault Dauphine, Volkswagen, SAAB, DKW, 
Fiat 600, Citroen DS-19. All of these cars use either 
front wheel drive or have the engine mounted in 
the rear in close proximity to the differential. A 
typical example of this general type of design is the 
Fiat 600 which is shown in Figure 6. This type of 


YI 
unit has some advantages in that no drive shaft is 


combination transmission 


necessary to transmit the torque from the transmis 


sion to the differential unit. A more complete dis 


cussion of the combined transmission and differential 
will be given later. 

An examination of both Figures 5 and 6 will 
indicate that in both of these transmissions some 
gears are in mesh or engaged at all times. For this 
reason, the modern transmission is known as a con 
stant mesh type. The gear changes are not accom 
plished by the actual engagement of the gear selected 
but by coupling the desired gear to the output shaft 
since all synchronized gear ratios are rotating con 
stantly. The coupling is actually done by means of 
a sleeve containing internal teeth which is connected 
to the output shaft. The sleeve is slid either forward 
or backward in order to engage mating external 
teeth attached to the desired gear. Were this sleeve 
to be engaged with the two sets of teeth moving at 
different speeds, clashing of the gears would occur 
To eliminate this possibility, all modern manual 
transmissions are equipped with ‘‘synchronizers’ 
These are devices which insure that the teeth do not 
engage unless they are rotating at the same peripheral 


speed. Most transmissions have at least the top two 


I 
or three gear ratios synchronized, however, in some 


such as the Volvo, Mercedes-Benz and Vauxhall all 
forward speeds are synchronized. 
There are two general types of gear synchronizers 


One is the so-called “constant load”’ or “balk ring”’ 


type and the other is the ‘Porsche’ or “‘self ener 
i 


gizing’’ type. The ‘constant load”’ type consists of a 


brass or bronze cone clutch which, while rotating 


Figure 8 — Schematic View of ‘‘Porsche" Type of Synchronizer 
1—Driving ring fitted to gear to be synchronized, 2—Split 
ring which expands while gears are being synchronized and 
forces cone clutch into engagement, 3—Split ring driving mem 
ber, 4—Dog clutch with internal teeth, 5—Dog clutch driving 


arms fitted to transmission mainshaft. 
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is Isaria-Maschinenjabrik, 
/fing/ Bayern, Germany 


Figure 9 — Schematic Diagram of “Getrag” Electric Preselec- 
tive Transmission Showing Shifting Lever, Wiring, Gear Shift- 
ing Electromagnets, Clutch and Actuating Switch on Clutch. 


with one gear, is forced against the gear to be en- 
gaged and thus brings the speed up or down to the 
same speed as the gear being engaged. Since the 
force engaging this cone clutch is controlled by a 
spring whose pressure is constant, this synchronizer 
system is called the “constant load” type. A sche- 
matic view of a typical design of this type is shown 
in Figure 7 

The “Porsche” type of synchronizer, shown sche- 
matically in Figure 8, contains an expanding ring 
which is actuated by the relative speeds of rotation 
between the two sets of engaging teeth. This speed 
difference causes the ring to expand outward and 
synchronize the gears. In this system, the force 
applied to the synchronizing ring is directly propor- 
tional to the relative speeds between the two shafts 
and the force being applied to the shifting lever. 
Engagement of the selected gear cannot be com- 
pleted until complete synchronization is achieved. 
This type of synchronizer permits more rapid shift- 
ing than is possible with the more conventional balk 
ring type. It is used by Porsche and others includ- 
ing the latest Goggomobil T-700 and Ferrari 250 
as well as many racing cars such as the Formula 1 
Ferrari Dino 246 V-6. 


Semi-Automatic Transmissions 

Although it has been customary to consider all 
transmissions whose functions are conducted either 
automatically or at the command of the driver as 
automatic transmissions, for the purpose of discus- 
sion those units which will only shift at a definite 
command from the driver will be considered to be 
Semi-Automatic’. 

Although Semi-Automatic Transmissions are more 
expensive than manual transmissions, they are used 
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on economy, middle and high priced automobiles. 
Many are merely adaptations of conventional man- 
ual transmissions in which direct gear changes are 
made automatically. While their initial cost is 
higher, their use on the economy cars is justified 
since they do allow the car to be directly driven 
through gears and thus permit no slippage. A typical 
example of this type of application is the Goggomo- 
bil TS-300 and TS-400 which use the ‘‘Getrag’’ elec- 
tromagnetic shift. This system uses an electrical 
system to effect gear changes when the clutch is 
depressed. In effect this is a ‘‘preselective” type of 
unit since the desired gear can be selected at any time 
prior to when the actual shifting is accomplished. 
This is possible since the electrical circuit is not 
energized until the clutch is depressed. A schematic 
diagram of the Getrag system is shown in Figure 9. 

Another type of semi-automatic preselector trans- 
mission is the Wilson Preselective transmission 
available on the Daimler DK 400. The gear train 
portion of this unit is shown in Figure 10. The unit 
as a whole consists of a fluid flywheel and a series 
of epicyclic gear sets which can be used individually 
or in combination to obtain the desired gear ratio. 
These ratios are brought into play hydraulically at 
the command of the driver through the use of a 
gear change pedal. While the desired ratio can be 
previously selected, it is not engaged until this pedal 
is depressed. 

Aside from the preselective type of transmission, 
those units where the gear changes are accomplished 
by the direct movement of the shifting lever but 
where the clutch is operated automatically may also 
be regarded as in the semi-automatic transmission 
category. In this category are the Renault Dauphine 
which uses the ‘‘Ferlec’’ electric clutch, the Renault 
Transfluide drive, the Hydrak, Saxomat, and Manu- 
matic systems, and the Smiths Selectroshift trans- 
mission. The Citroen DS-19 front wheel drive also 
uses a semi-automatic transmission which utilizes 
hydraulic pressure, developed by an engine mounted 
pump, to automatically declutch and change gears 
at the driver’s command. 


Fully Automatic Transmissions 

Fully automatic transmissions are generally found 
only on those cars where first cost and economy of 
operation are not major considerations. There are 
available a number of interesting designs other than 
those commonly used in the United States. The 
Smiths ‘‘Autoselective” drive is an example of this 
type. In this unit the entire operation of declutching 
and gear changing is accomplished electrically. An 
electrically operated conventional transmis- 
sion coupled with a modification of the Smiths elec- 
tric clutch, discussed previously, provides fully 
automatic operation. The advantages of this system 
are that since no fluid flywheel or torque converter 
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Courtesy of Automobile Engineer, London, Englane 


Figure 10 — Wilson Preselective Gearbox Showing Epicyclic 
Gear Sets. Fluid Flywheel and Engine attach at the left and 
power is transmitted to differential and rear wheels at right. 


is used, high transmission efficiencies are obtained. 

Another type of automatic transmission is typi- 
fied by the ‘‘Roverdrive” which was available on 
the Rover 105R. This consisted of four elements; a 
torque converter, a conventional disc clutch opera- 
ted by a vacuum servo, a two-speed transmission 
and an automatic overdrive unit. By means of elec- 
trical circuits, these elements were made to oper- 
ate automatically. The overdrive was brought into 
play automatically based on vehicle speed. Either 
“drive” or “low” gear could be engaged by the 
movement of a conventional, column-mounted 
lever but once this is accomplished, all other drive 
functions were accomplished automatically in re- 
sponse to power demands and road speed. Recently 
Rover abandoned this system in favor of the Borg 
Warner transmission discussed below. 


A great number of British cars have, as either 
standard or optional equipment, automatic trans- 
missions based on two general United States de- 
signs. Both Rolls Royce and Bentley manufacture 
and use under license the Hydra-Matic transmission 
which is used in three General Motors cars. This 
transmission was discussed in detail in the Febru- 
ary 1956 issue of Lubrication. This transmission is 
also used in the Austin Princess Saloon and is 
optionally available in the Allard Monte Carlo. 


The Borg Warner automatic transmission is 
available as optional equipment on a wide variety 
of cars. Among these are the complete Jaguar line, 
the Standard Vanguard, the Austin A-95 and 
A-105, the Humber Hawk and Super Snipe, the 
Ford Zephyr and Zodiac, the Rover 3 Liter, and 
the Mercedes-Benz 219, 220S and 220SE. It is 
supplied as standard equipment on the Armstrong 
Siddeley Sapphire 346 and the Mercedes-Benz 
300D. Its construction is similar to the unit used on 


the Studebaker in the United States and consists of 
a single plate clutch, a torque converter and an 
automatic epicyclic gear box. The plate clutch is 
used in direct drive to eliminate the slip which 
would occur were only a torque converter used 
The torque converter is used in the low and inter- 
mediate gears to provide smooth power transmis- 
sion, with additional torque multiplication. This 
transmission was discussed in detail in the June 
1951 issue of Lubrication. 

The “Variomatic Drive’ is a new and very unique 
type of automatic drive that has recently appeared 
on the DAF manufactured in Holland by van 
Doorne’s Automobiel-enAanhangwagenfabriek 
N.V. This system consists of an automatic centrif- 
ugally operated friction clutch unit which transmits 
the drive from the engine to a load divider located 
at the rear. Forward and reverse gears are located 
at this point. From this unit the drive is split and 
Operates two variable diameter pulleys which in 
turn drive belts connected to similar pulleys at each 
rear wheel as shown in Figure 11. There is no trans 
mission as such since the engine speed is automa- 
tically adjusted to the road requirements by the 
driving pulleys. The diameter ot the driving pulleys 
can vary depending on road load and is assisted 
by engine manifold pressure. Should the engine 
tend to labor as when mounting a grade, the etfec 
tive diameter of the two driving pulleys decreases 
Similar pulleys at the rear wheels then increase 
their operating diameter through the action of 
springs thus keeping the belts tight. The change in 
the ratio permits the engine to speed up thus pro 
viding more power for gradients. The interesting 
part of this arrangement is that no differential unit 
is used and thus should one wheel slip due to poor 
traction, no loss of driving torque will occur on the 
other wheel. During cornering, the pulleys adjust 
so as to permit the outside wheel to turn faster. 


Overdrive Units 

Overdrive units 
stallation on many 
manual or 


are available for optional in- 
European Cars equipped with 
semi-automatic transmissions. Their 
function is to high speed cruising with 


engine speeds 


permit 
reduced below that normally ob 


Figure 11 — Schematic View of DAF Final Drive System Show 
ing Load Divider, Variable Diameter Driving Pulleys, "Vee" 


Belts and Rear Suspension Members, 
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tained in the top transmission 
under this condition reduces engine wear and im- 
proves fuel economy. 

ee Laycock © deNormanville and Borg Warner 


units are the two major types available. Both units 


gear. Operation 


contain an epicyclic gear set which, when brought 


into play, reduces the transmission and 
speed with respect to the road speed. The Laycock 
deNormanville unit is entirely automatic in nature 
allowing shifting in or out of overdrive merely by 
the actuation of a switch located on the dashboard 
or gear shift lever. Movement of the switch applies 
hydraulic pressure to a small clutch in the over- 
drive unit so as to bring the epicyclic gear train 
into operation. This can be done with no inter 
ruption of the driving power. The overdrive func- 
tion of this unit is usually restricted to the top 
gear but a special arrangement can be made to per- 
mit its use with intermediate gears if desired. 

The Borg Warner unit is also automatic except 
that to engage overdrive, the foot must be lifted 
from the throttle for a short period while engage- 
ment occurs. To down shift to conventional drive 
the throttle is pressed to the floor which momen- 
tarily interrupts the cngine ignition to permit the 
shift. This unit also has a governor which prevents 
the engagement of overdrive below a certain road 
speed. In addition, the unit can be locked in con- 
ventional drive by a lever manually controlled from 


engine 


the driving position. 

Usually overdrive units are not fitted to the 
economy cars, however recently a simplified design 
has become available wherein the engagement of 
overdrive is accomplished manually by a dashboard 
This eliminates the necessity of compli- 
electric controls and results 


control. 
cated hydraulic 
in a very economical unit. 


and /or 


Transmission Lubrication 

As a result of the many different transmission 
designs, several different types of lubricants are 
used in transmissions. Many manual or semi-auto 
matic transmissions use engine oils of the proper 
viscosity. Others use either straight mineral or 
compounded gear oils. Preselective types, such as 
the Wilson, can also use engine oil even though the 
lubricant must also act as an hydraulic medium to 
accomplish the desired gear changes. Fully auto- 
matic somewhat different re- 
quirements in that the oil used must not only lubri- 
cate, but act as an hydraulic fluid to transmit power 
for the shifting cycles. In addition, it must also 
actuate the delicate internal controls which time 
the shifting cycles in accordance with throttle posi- 
tion, engine and road speeds. 

Both the Laycock deNormanville and Borg Wa 
ner overdrive units are attached to the transmission 
Thus the comments 


transmissions have 


and utilize the same oil supply. 
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TABLE III 


Transmission and Axle-Lubricant Classification 


cosity Values in ybol niversal Seconds, (SUS) 


Vise 


15.000 


15,0004 100.000 





minimum VISCOSIT it 
xt less than 48 SUS at 210°F. 
>The maximum viscosity at 210°F, may be waived if tt 
is not greater than 750,000 SUS at O0°F. (extrapolated). 


regarding the lubrication requirements of trans- 
missions will also apply to these units. 

The actual lubrication system of the manual, 
semi-automatic, or preselective type of transmission 
varies widely. Most manual transmissions are lubri- 
cated by the immersion of the gears in the lubri- 
cant. Others, where the lubrication requirements 
are more severe, incorporate a pump to circulate 
the gear oil. This is usually the case in high per- 
formance vehicles such as the Mercedes-Benz 300 
SL, Lancia and many racing machines. The Wilson 
preselective transmission also incorporates a pump 
to provide the necessary hydraulic pressure to accom- 
plish the gear changes. 

The lubrication requirements of these transmis- 
are controlled by several basic factors. The 
first is the temperature range over which the spe 
cific lubricant must operate. If the range is too 
wide, the oil may thin excessively at high tempera- 
tures and thus not provide sufficient wear protec- 
tion for the gears and bearings. At very low 
temperatures, the oil may actually become so solid 
that it will not flow and thus cause the 
run dry and wear excessively. 


sions 


gears to 
For this reason, the 
viscosity grade of gear oils used in manual trans- 
missions is varied according to the expected am- 
bient temperatures. The viscosity of gear oils is 
generally higher than the normally used engine 
oils and conforms to the requirements of the SAE 
Gear Lubricant Viscosity Classification System 
shown in Table III. This method of specifying 
gear oil viscosity is used both in the United States 
and in Europe. It should be remembered, as in the 
case of engine oils, that viscosity does not define 
oil quality. This point will be covered more fully 
in the discussion of Final Drive Lubricants. 
Engine oils are also widely used as transmission 
lubricants. Table IV lists the requirements of the 
European Cars on which information is available 
and indicates whether a gear oil or an engine oil is 
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suitable. Engine oils are listed by their SAE grades 
ranging from the SAE 10 through SAE 50. Gear 
Oils are listed by their grades which range from 
SAE 75 to SAE 250. The notes referred to along 
with the car name give the expected temperatures 
above and below which the recommended oil vis- 
cosity grades should be used. 

The second consideration is the oxidation stabil- 
ity of the oil. Under the conditions of operation, 
high temperatures are developed. This tends to pro 
mote excessive oil oxidation and thickening of the 
oil. All top quality engine and gear oils contain 
sutticient oxidation inhibitors to prevent this 

The lubrication system of most automatic trans- 
missions is rather complicated. This is necessarily 
so since these units contain many more parts than 
In addition, the lubricant 
must act as an hydraulic medium for both the con- 
trol and shifting systems. To effectively perform the 


do manual transmissions 


required function an Automatic Transmission Fluid 
(ATF) must possess unusual properties. It must 
have a high resistance to changes in viscosity with 
temperature or in other words, a high viscosity 
index. This is necessary since the shifting control 
is sensitive to wide viscosity changes and the trans- 
mission must operate over a wide temperature 
range. The oil must also have a low pour point so 
as to be able to operate at low temperatures. In 
addition, a certain amount of load carrying ability 
must be built in through the use of EP additives 
and finally, it must have good oxidation and foam 
resistance. In the United States, oils must demon- 
strate their ability to meet 
very 
neutral 


these severe require- 
laboratory and 


When 
they 


ments by passing stringent 


transmission tests in laboratories 


they have successfully completed these tests, 
are assigned an AQ number indicating this fact. 


Lubricants Sf this type have given satisfactory per- 


I I 
formance in both the Hydra-Matic and Borg Warner 
automatic transmissions in the United States. Trans- 


mission oil drain periods vary widely depending on 


LI 
the design and type of service encountered. No at 


tempt has been made to tabulate these requirements 


} 


and for specific reference should be 


made to the owner's manual. 
DIFFERENTIAL AND FINAL 
DRIVE UNITS 
Differential and final drive units are 
transmit the 


information, 


used to 
engine torque to the driving wheels 
These units can be considered to be of two mayor 
types. One type utilizes a differential unit mounted 
as part of the back axle assembly. This conven 
tional differential unit consists of a housing con 
taining a pinion and ring gear together with an 
arrangement for dividing the driving torque and 
allowing one wheel to turn faster than the other 


as when negotiating corners. The type of pinion 


HYPOID SPIRAL BEVEL 


if 


Figure 12 — Schematic View of Hypoid and Spiral Bevel Gear 

ing Showing Location of and Ring Gecr in 
Configuration. 

1—Pinion Gears, 2—Ring Gears which are driven by the pinion 

gears. 





Pinion Each 


and ring gear arrangement used may vary depending 


on the personal preference of the manutacturer 
Many designs use the so-called ‘‘hypoid’” gearing 
principle shown schematically in Figure 12, which 
permits the centerline of the pinion shaft to b 
lower than the rear axle shaft. This arrangement 


allows a lower drive shaft hump’ on the car floor 
and adds to the room available within the car inte 
rior. This design is used in all cars produced within 
the United States. 
A second design, which is somewhat easier to 
manufacture, uses the spiral bevel gear system. In 
this system, shown schematically in Figure 12. the 
centerline of the pinion gear is at the same level 
as the rear axle. 
design is the 


103. 


An extension of the “hypoid”’ 


worm drive used in the Peugeot In this sys 
tem, the engine drives a worm located at the botton 


of the ditferential gear case which in turn rotates a 


worm wheel connected through differential gears 


and axles to the rear wheels. This permits th 


lowest possible floor hump and provides the max 


mum leg room of all designs where the differentia 


case 1s a part of the rear axle. Lower floor humps 


can be obtained with independent rear suspension 
t | } nted on th 


systems wherein the differentia 


frame and the wheels are driven through swi 
A more complete discussion of these desi 


will be given later. 


axles Uns 

Contrary to the trend in the United States, lin 

slip differentials are not in general use in 

pean Cars. High cost may be the major factor 
ring their consideration although som« 
| | Among 


have limited drives 
Thornton 


Jaguar 


facturers slip 


are the which has the 
Lok 


cedes-Benz 


available as optional ¢ juipt 
00 SL and the DAF which 
Powtr Lok 
the Unit 
this design, should one wheel sli 
hes transmit 


hertt 
I 


etter ft 


nent 


cussed earlier. The Thornton 


| 
to those 


units availal le in 
dis Ciut¢ engine to VCCI 
action. The Mercedes-Benz unit 

idfabrik Fried 


Z-F (Zahnr 
r | Irn 


ind consists OF a series OF pawis « ven 


which has 


i 
is manufactured by 


richshafen) 


by the rin vear. No differential gear is used as 


[ 27 ] 





LUBRICATION 


Figure 13 — Schematic View of Z-F Limited Slip Differential 
1—Driving member attached to ring gear, 2—Inner convolute 
cam attached to one rear wheel, 3—Outer convolute cam 
attached to other rear wheel, 4—Driving pawls. 


the drive is transmitted by the pawls to an inner 
and outer convolute cam, one of which is attached 


to each wheel. This design is shown in Figure 13 
When the car is driving straight ahead, there is no 
relative motion between the left and right wheel 
and thus the pawls do not slide over either of the 
cams. Should the wheel attached to the outer cam 
turn faster than the other as in turning a corner, 
the outer convolute would also turn faster than the 
inner. In this case, the pawls move as driving power 
is applied and slide in and out as they ride over 
the crests of the cams. However, even though they 
are sliding, they continue to provide equal power to 
both wheels. If one wheel slips due to loss of trac- 
tion, the cam angles are so arranged that the torque 
available to drive the wheel with better traction 
is multiplied several fold so that the vehicle can 
This general 
design has been in existence for some time having 
been widely used in German Army Vehicles. It is 


be moved under adverse conditions 


also used commercially by one truck manufacturer 
in the United States. 

The second major type of final drive unit is a 
combination assembly containing both the trans- 
mission and differential. This design is used in 
front wheel drive cars such as the DKW, SAAB, 
Citroen and others where the close coupling of the 
engine with the driving wheels makes such a de- 
sign attractive. It is also used in rear engined cars 
such as the Volkswagen, Renault, Porsche, and the 
small Fiat 600. Figure 6 depicts the Fiat 600 com- 


bined transmission and differential and is typical 
of this general design. One interesting feature of 
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this type of design is that the flow of power is 
transferred from the input shaft to the output 
shaft and does not go through an intermediate step 
as in the conventional constant mesh transmission 
shown in Figure 5. While the Fiat 600 transmis- 
sion is a four speed unit, it is synchronized in only 
the three top forward speeds. Since passenger space 
is not taken up by the drive line, as in a conven- 
tional drive system, the differential gears can be 
of the spiral bevel type. This results in lower fric- 
tional losses and lighter differential gear loads. 
One of the most interesting of all of the com- 
bination transmission and differential units is that 
used by Lancia on their Aurelia and Flaminia. As 
shown in Figure 14, this unit contains the clutch, 
transmission, differential unit and rear brakes 
The clutch, which precedes the transmission, is 
of conventional design having a single dry plate 
and is hydraulically actuated by a clutch pedal at 
the driving position. The transmission is of four 
speed design with the top three speeds fitted with 
constant load synchronizers. The differential gears 
are of hypoid design with a moderate offset to 
lower the The brakes are 
mounted as a part of this unit to reduce the un- 


drive line rear also 
sprung rear axle weight. The drive is then trans 
mitted to the rear wheels through short indepen- 
dent axles fitted with universal joints at each end. 
The rear axle, as shown in Figure 20, is of the 
deDion type and will be discussed later. This gen- 
eral design was originally developed for use in 
the very fast and successful Lancia racing machines. 
A similar unit is now used by Ferrari in their racing 
cars. One advantage of this arrangement is that it 
improves the weight distribution and allows greater 
acceleration since more of the weight is on the 
driving wheels. Obviously, it is not a design for use 
in moderate or low priced cars. 


Lubrication of Final Drive Units 

Gear lubricants suitable 
and have special properties. 
Their major function is to prevent the scoring and 


for use in differentials 
transmissions must 
welding of the meshing gear teeth which could 
result from the high gear loads employed by these 
designs. In order to do this, the gear oil must have 
certain Extreme Pressure (EP) properties which 
will protect the gear surfaces and prevent scoring. 
The gear oil must also have a suthciently high vis- 
cosity so that it is not thinned excessively by high 
temperatures. It must have good low temperature 
properties and be resistant to oxidation. 

Gear lubricants for use in the “hypoid” type of 
gearing and in some spiral bevel gear systems, do 
have Extreme Pressure properties and are referred 
to as EP Gear Oils. They are available in several 
viscosity grades as shown previously by the SAE 
Gear Oil Viscosity Classification in Table III. 





LUBRICATION 





Figure 14 — Lancia Final Drive Unit 


1—Propeller shaft coupling, 2—Clutch mainshaft, 3—Clutch housing, 4—Clutch disc, 5—Clutch disc hub, 6—Clutch housing vent 
7—Front transmission mount, 8—Idler shaft drive gear, 9—Fourth speed synchronizer, 10—Third and fourth speed synchronizer 


sleeve, 11—Third speed gear, 12—Second speed gear, 13—Second 


speed synchronizer sleeve, 14—Oil filler cap with dip 


stick, 15—Hydraulic brake connection, 16—Oil supply pipe, 17—Rear transmission mount, 18—Oil pump intake screen, 19—Oil 


pump, 20—Hypoid pinion gear 
grease fitting. 


It is still the pract 
indicate that only ¢ 
satisfactory in their desi } e case of 
oils available in the United States this is not ne 
Most lubricants meet the 
performance requirements ot Military Specification 


MIL-L-2105. This specification defines the require 


essary. service station 


ments of three viscosity grades of gear oil which must 


meet certain gear load, oxidation, and corrosion pre 


vention tests. This system 1s not in use as yet in the 
European area, however, ‘multi purpose” or “unt 


versal’ gear oils made in the United States and 


marketed in the European area do meet these re 
quirements 

Engine oils are not usually specified for use in 
differential units since they are not normally avai! 
able in the desired viscosity grades and probably do 
not have idequate EP properties Table IV lists the 


recommended viscosity grades and types ol lubri 


nded for use in the differential and 
final drive units of those 1957 and 1958 European 
Cars on which information is available 


Lubrication of these units is generally provided 


by the splashing oil contained in the bottom 
of the differential gear case. This type of 
tion is also used in 


differential un 


lubrica 
the combined transmission and 
its with the Lancia 


exception of the 
unit, which uses an oil pump to discharge oil at th 


point where the pinion and ring gear come into 
mesh 
SUSPENSION SYSTEMS 
The requirements of a good suspension system 
are easily envisioned but are difficult to achieve. 
The basic purpose of all suspension systems 1s to 


21—Transmission idler shaft, 22—First speed gears 
bearing sleeve, 25—Clutch pressure plcte springs, 26—Clutch housing vent, 27 


23—Idler shaft gear, 24—Clutch release 
Clutch housing vent, 28—Clutch mainshaft 


provide the maximum comfort con 


passenger 


th vehicle To do this, the wheels 


maintain ¢ istant contact with the ground 


ill conditions of road surface. This ts the 


ssential point, for it is the contact between the 


wheel and road that provide s the steering, braking, 


and driving forces without which a car could not op 


erate. Basically the wheel is maintained in contact 
with the road by the force of the car springs which 


transmit the weight of the car to the wheels. The 


amount of wheel bounce obtained as a result of 


bump is directly proportional to the speed of the 


vehicle and inversely proportional to the stiffness 


I 
of the spring. I his wheel motion is modified by th 


use of a shock absorber which slows down thx 


wheel action to control its motion and prevent 


A further factor affecting wheel 


excessive rebound 


nt is the weight of the wheel, the tir« 


pension assembly which 1s _ betwee 


I 


‘ing and the road. This weight is referred 


unsprung weight” since 
he springs < t chassis 
the movemet f the 


it 1s not supports 
When this weight 


wheel in 


response 
I 


; 
1 bump tends to increase unless the spring ts 


i 9 
ade stitfer. However, the use of stiffer springs 


I 


SCS OF a SUS 


} 1 
ends to defeat one of the main purp 


pension, namely, to | rovide passenger comfort The 
ideal suspension would have no weight at all, how 


ever, this is not possible since the tire and wheel 
weights do have an irreducible minimum. In an 


suspension, most all 
some sort of independent sus- 


effort to achieve a light weight 
manufacturers us¢ 
pension for the front wheels and some also use it 
for the rear although satisfactory riding character- 
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purtesy of Simca, Par 

Figure 15 — Simca Aronde Front Suspension Unit 
1—Coil spring, 2—Upper control arm, 3—Upper ball joint, 
4—Shock absorber, 5—Front wheel brake drum, 6—Front wheel 
spindle, 7—Lower control arm. 


istics can be obtained without going to this ex 
Other factors which also affect riding and 
handling qualities are the variables of wheel cam 


treme 


ber, caster, vehicle weight distribution, placement 
of roll centers, suspension geometry, tire inflation 
These will not be discussed 
they are beyond the scope of this article. 


pressures, Cr. since 


Front Suspension Systems 

Almost all automobiles in production today use an 
independent front suspension system. A majority of 
the designs are based on the use of an upper and a 
lower arm of “wishbone” configuration 
which support the wheel and are attached to the 
front springs and shock absorbers. A typical design 
of this type can be found in the Simca Aronde front 
suspension shown in Figure 15. Another interest- 


control 


Figure 16 — Ford Taunus 17M Front Suspension. 
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ing design which has been used to a limited extent 
allows the front wheels to move vertically on pillars 
which incorporate the front spring and shock ab- 
sorber. This type of design is found in the Ford 
Taunus shown in Figure 16 and is also used in the 
Ford Zephyr and Zodiac. A modification of this 
arrangement is used on the Lancia in which the 
vertical tube is mounted to a solid front axle. 
Another front suspension system that has re- 
ceived only limited use is the so-called ‘trailing 
arm” design. This arrangement provides for wheel 


Figure 17 — Volvo PV-444 Rear Suspension 
1—Longitudinal stabilizer, 2—Shock Absorber, 3—Axle mount 
ing with rubber isolator, 4—Axle torque reaction bar, 5—Axle 
torque reaction bar mounting with rubber isolator, 6—Differ 
ential housing, 7—Panhard rod, 8—Coil spring. 


motion through the use of two parallel trailing 
arms which support the wheel and brake assembly 
This arrangement is used by Volkswagen and 
Porsche. A somewhat similar system is used in the 
Citroen DS-19 wherein the parallel arms tend to 
push the wheel, or in other words, the wheel leads 
the control arms. This system is quite satisfactory 
since the Citroen uses a front wheel drive. 

Front suspension springing utilizes many differ- 
ent designs. The most widely used spring 1s the 
coil as shown in Figure 15. Other arrangements use 
transverse leaf springs which form a structural part 
of the suspension. This design is used by A.C 
Bristol, Fiat 500 and 600, and Peugeot. Others such 
as Volkswagen, Porsche, Riley, Morris, BMW and 
Allard use torsion bars as springs. 


Rear Suspension Systems 

Rear suspension systems are also of 
ferent designs. The majority of the European Cars 
use a system where the rear axle and ditferential 
are one unit. The unit axle may be sprung by the 
use of either coil or leaf springs. This design 1s 


also widely used in the United States. In order to 


reduce the amount of unsprung weight and still 
retain the manufacturing economies inherent in the 
use of such an axle, some manufacturers use coil 
springs for the rear suspension. A typical design 
of this type is found in the Volvo PV-444 shown 
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Figure 18 — Mercedes-Benz 190SL Rear Axle 
1—Brake drum, 2—Differential housing, 3—Differential sup 
port bracket, 4—Swing axle pivot point, 5—Universal joint 
and spline housing, 6—Longitudinal stabilizer. 


in Figure 17. Since the leaf spring is not used, other 
means for locating the axle relative to the chassis 
must be used. In this case, a longitudinal control 
arm restricts the front and back motion whereas a 
“Panhard Rod” restricts the sideways motion. Axle 
torque is absorbed by a special arrangement fitted 
to the top of the differential housing. 

Independent rear Suspensions are of two major 
types. One is the so-called “swing” axle and the 
other is the “deDion” design. Swing axles are one 
ot the best practical approaches to the problem of 
reducing unsprung weight although they are more 
expensive than the unit axle. A typical 
axle can be found in the Mercedes-Benz 190 SL as 


swing 





brane 


Figure 19 — Renault Dauphine Rear Suspension 
1—Shock absorber mount, 2—Rear spring mount, 3—Rebound 
stop, 4—Axle pivot point, 5—Axle universal joint housing, 
6—Axle tube. 


ATION 


shown in Figure 18. In this arrangement, the chas 
sis is supported by coil springs. The axle is located 
by means of longitudinal control arms and is re¢ 
stricted as to sideways motion by the fact that the 
ditferential unit is attached to the chassis. A dit 
ferent type of axle is that used in the 
Renault Dauphine shown in Figure 19. Since the 
Renault is a rear engined car, the use of swing 
axles was dictated by the desire to obtain a com 
of the and 
differential. Swing axles are also used by Porsche 
and Volkswagen, however 


swing’ 


pact mounting engine, transmission, 


these two use torsion 


bar springs in place of the coil units employed by 


Figure 20 — Lancia Aurelia Rear Suspension 
1—Clutch housing, 2—Transmission case, 3—Rear transmission 
4—Panhard rod, 5—deDion axle, 6—Semi-eliptic leaf 
spring, 7—Left rear wheel hub, 8—Left rear wheel drive shaft 
9—Shock absorber, 10—Brake drum, 11—Front 
mount, 12—Propeller shaft coupling 


mount 


transmission 


Renault. Many racin irs use this 


gives exceptional road holding ability 


unspring we ight 
The deDion 
features ot both ot 


type Of assembly col ibines the 
; } 


the above designs. It 1s strong 


and yet allows a low unsprung weight. This ar 


rangement is also widely employed in racing car de 
signs and is used by Lancia as shown in Figure 2( 
prings are used 
v4 | raking t t] 
and Draking forces to the 


In this instance, conventional leaf s 


to transmit the driving 
Allard 


but employs coil springs 


chassis also uses a deDion type of rear 


suspension whereas th 


I 


Frazer-Nash uses torsion bars in p 


lace of cither Ie 
or coil springs 


for th 


suspension 


The Citroen uses trailing arms 


pension and a hydropneumat! 


front and rear. In this system, hydrauli 


pr 
developed by an engine driven pump ts metered to 
hydraulic cylinders attached to the suspensions of 
assemblies 


four wheels. The hydraulic 


4] 1 weit} 
filled With 


each of the 


hamber inert gas which 


hydraulic fluid a 


also contain 


acts as the spring. The flow ot 
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BALANCED HYDRAULIC 
—~ PRESSURE AVOIDS SIDE 
STRESSES ON DISC 


EASILY REPLACEABLE 
FRICTION PADS OF 
ADEQUATE THICKNESS \. 
FOR LONG LIFE \ 


HYDRAULIC CYLINDERS 

WELL INSULATED 

FROM HEAT 
APERTURE IN CALIPER 
PERMITS OF INSTANT 
CHECKING FOR WEAR 
WITHOUT ANY DISMANTLING 


Courtesy of Standard Motor Co. Ltd., Coventry, England 


Figure 21 — Schematic View of Disc Brake Assembly. 
it transmits the wheel force to the inert gas is 
controlled so as to act as a shock absorber. Another 
interesting feature of this system is that the suspen- 
sion height can be adjusted according to the wish 
of the driver to compensate for road conditions. 
Lubrication of Suspension Systems 

In spite of the many different suspension systems 
available, most include points which must be lubri- 
cated periodically. Generally, the manufacturer rec- 
ommends that this be done at frequent intervals 
such as eve ry 1000 to 2000 miles in order to insure 
that wear is kept to a minimum. Unfortunately, 
since the supply of lubricant at any particular joint 
s not subject to inspection as is the engine oil, little 
thought is given to chassis lubrication intervals. 
Should the supply be depleted so that severe wear 
were to occur, the average driver is usually not aware 
of this fact since differences in riding quality as a 
result of lack of lubrication are often not immedi- 
ately noticed. For this reason, it is important that 
chassis lubrication be performed at frequent inter- 
vals if wear is to be minimized. 

Chassis lubricants must provide a film of lubri- 
cant between slowly moving parts which are oper- 
ating under extremely high pressures. This 
necessitates the use of a grease or a heavy lubricat- 
ing oil. The lubricant must resist wash-out by water 
and must also protect the working parts from rust 
in case water does enter the chassis joint. Many 
manufacturers recommend specific brands although 
any reputable product should be satisfactory. 

BRAKES 

Finally, one of the most important parts of any 
vehicle are its brakes. Ideally, the brake must not 
‘fade.’ Brake ‘fade’ can best be described as that 
condition where repeated or prolonged brake appli- 
cations have raised the temperature of the brake 
drum and lining to the point where mechanical 
dimensions and the frictional characteristics of the 
brake lining are temporarily altered. In this condi 
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tion, the brake lining can no longer slow the car 
as well as when the brake was cold and thus in- 
creased pedal pressure is usually necessary. In addi- 
tion to this loss of stopping power, brake fade also 
tends to increase brake pedal travel due to the high 
temperature having expanded the brake drum away 
from the brake shoe. Most manufacturers use hy- 
draulic brakes of the internal expanding type. This 
arrangement utilizes two brake shoes which are 
forced out against the brake drum through the 
action of hydraulic pressure. However, due to the 
shrouding action of the wheel, cooling air is re- 
stricted in this design and, were not auxiliary cool- 
ing device supplied, brake fade would soon occur 
upon repeated brake applications. Some manufac- 
turers such as Mercedes-Benz, have supplied cool- 
ing fins on the brake drum as is shown in Figure 
18. To eliminate brake fade, an increasing number 
of cars are being equipped with disc brakes. As 
shown in Figure 21, a disc brake consists of a 
disc, attached to and rotating with the wheels, and 
a caliper arrangement fitted with two hydraulic 
pistons and two friction pads. The application of 
hydraulic pressure by the brake pedal, clamps the 
disc between the two friction pads and retards its 
motion. The brake pedal forces necessary to brake 
a car equipped with disc brakes are higher than one 
fitted with the drum type of design. This system 1s 
essentially ‘‘fade’’ free since brake surfaces can be 
easily cooled and high disc temperatures do not 
adversely affect the disc dimensions. The pedal 
forces required can be reduced by the use of a vac- 
uum booster in the hydraulic system. Among the 
cars using this system as either optional or standard 
equipment on the front or on all four wheels are 
the Triumph TR-3, MGA, Lotus, Jaguar, Jensen, 
Citroen DS-19, Bristol, Aston Martin, Armstrong 
Siddeley and Ferrari. 

Since the brakes must dissipate large amounts of 
energy as heat, the wheel bearings may also be 
subject to high temperatures. For this reason care 
should be used in the selection of the wheel bearing 
grease. The grease used should not fluidize or thin 
out as a result of high temperatures or the shearing 
action of the ball or roller bearings. If this does 
occur, the grease will leak, coat the braking sur- 
faces, and promote erratic brake action. 


SUMMARY 


It is evident from the foregoing that European 
Cars offer a very wide variety of designs in all size 
categories. However, their lubrication requirements 
are not unusual and can be satisfactorily met by the 
oils and greases available in the United States. The 
acceptance of this fact by European manufacturers 
would do much to remove the European Car from 
the ranks of a ‘‘special’” vehicle and would further 


promote their acceptance in the United States. 
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Buy the Best— Buy 


TEXACQO 


Texaco Marfak is noordinary grease 
—but a superior chassis lubricant. It 
protects and cushions sensitive bear- 
ing surfaces. You will enjoy that 
cushiony feeling for 1000 miles or 
more—and your car will last longer, 


stay younger. 


Your car will ride smoother, 
handle easier and ride quieter. On 
the roughest roads, under constant 
shocks, in all weather, Texaco 
Marfak won't squeeze out, wash out 
or dry up. It stays put—to protect 
your car, to insure your greater rid- 


ing comfort. 


Enjoy that cushiony feeling— 
after your car chassis is lubricated 
with Texaco Marfak—at your 
Texaco Dealer, the best friend your 


car has ever had. 
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New All-Temperature Havoline 
gives maximum protection against wear 


HERE’S 


1. You get maximum protection against cold-start 
wear! Unlike ordinary motor oil, all-temperature 
Havoline Special 10W-30 stays free-flowing even 
in dead of winter. Coats surfaces with a rustproof, 
scuff-proof film the instant you flick the starter. 
You start faster. You get maximum protection 
against hot-running wear! All-temperature Havo- 
line’s tough body resists extremes of engine heat 
and pressure. 


2. You get greater gasoline mileage, pep and 
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power. There’s always a protective film between 
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valve lifters. 
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and deposits. This oil cleans as it lubricates! Pre- 
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